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Presentation Outline

l Overview

l Marine Vessel Inventory Design and
Development

l Summary of Emissions

l Conclusions
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Uses of Marine Vessel
Inventory

l Amount, distribution, trends

l Identify and track control strategies

l Input to air quality modeling
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Previous Inventories

l Limited Area

l Assumptions

l Annual Average only

l No day-to-day variations
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Pollutants Inventoried

NOx - Oxides of Nitrogen

HC - Hydrocarbons

CO - Carbon Monoxide

SOx - Oxides of Sulfur

PM - Particulate Matter
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Technical Working Group
l California Air Resources Board

l U.S. EPA

l SCAQMD

l ARCADIS

l Ports of LA/LB

l U.S. Navy

l Pacific Merchant Shipping Association



California Air Resources Board 3/6/01

Mena Shah/Planning & Technical Support Division 4

7

Approach

l Methods used

l Sources of data

l Assumptions

l Calculations

l Communication
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Marine Vessel Emission
Inventory Design

l Actual Shipping Activity

l Ship-Specific Engine Characteristics

l August 3-7, 1997

l 2 Km Grid Cell

l Southern California Waters in SCOS
Domain
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Key Data Needs

SHIP ACTIVITY DATA

♦Identification of Ship Modes of Operation

♦Commercial Shipping Arrivals and Departures

♦Maneuvering, Berthing and Hotelling

♦U.S. Navy Vessel Inventory
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Key Data Needs

SHIP MACHINERY AND OPERATIONAL
CHARACTERISTICS

♦Ship-Specific Engine Characteristics

♦Ship Speed

♦Stack Information

♦Engine Loads

♦Emission Factors  (Energy Output Based)
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Sources of Data

DDAA TTAA AAGG EENN CC YY

CCoomm mm eerrcciiaall  SS hh iipp
AA ccttiivv iittyy  DD aattaa

AARR CC AADDIISS,,   PPOO LLAA ,,
MM AARREEXX

MM aanneeuuvveerr iinngg,,   BBeerrtthhiinngg
aanndd  HH ootteellll iinngg

WW hhaarrffiinnggeerr  AA ggeenncciieess,,
PPOO LLAA,,  PPOO LLBB

UU..SS..   NNaavvyy  VV eessssee ll
IInnvveennttoorryy

UU..SS..  NNaavvyy ,,  JJJJMM AA

SS hhiipp--SSppeecciiff iicc   EE nngg iinnee
CChhaarraacc tteerriisstt iiccss

JJJJMM AA

SShhiipp   SSppeeeedd MM AA RREEXX,,  PPOO LLAA

SSttaacckk   IInn ffoorrmm aattiioonn PPaacciiffiicc   MM eerrcchhaanntt
SShhiipppp iinngg  AAssssoocciiaa tt iioonn

EEnnggiinnee  LLooaaddss AA RRCCAADD IISS  aanndd  JJJJMM AA

EEmm iissssiioonn  FFaacc ttoorrss AARR CC AADDIISS,,  JJJJMM AA,,   aanndd
UU..SS..EEPPAA
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Ship Operational Modes

MMOODDEE DDIIRREECCTTIIOONN
CCrruuiissee EEnnttrryy  ((IInnbboouunndd))
CCrruuiissee EExxiitt  ((OOuuttbboouunndd))

PPrreeccaauuttiioonnaarryy  ZZoonnee
Cruise

EEnnttrryy  ((IInnbboouunndd))
PPrreeccaauuttiioonnaarryy  ZZoonnee

Cruise
EExxiitt  ((OOuuttbboouunndd))

MMaanneeuuvveerriinngg EEnnttrryy  ((IInnbboouunndd))
MMaanneeuuvveerriinngg EExxiitt  ((OOuuttbboouunndd))

HHootteelllliinngg --
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SShhiipp  TTyyppee CCoouunntt
BBuullkk  CCaarrrriieerr 99

BBuullkk//CCoonnttaaiinneerr  CCaarrrriieerr 33
GGeenneerraall  CCaarrggoo 33

RReeffrriiggeerraatteedd  CCaarrggoo 33
PPaasssseennggeerr 33

VVeehhiiccllee  CCaarrrriieerr 66
CCoonnttaaiinneerr  CCaarrrriieerr 4477
CChheemmiiccaall  TTaannkkeerr 11

TTaannkkeerr 1111
RROORROO  CCoonnttaaiinneerr 11

  TTOOTTAALL 8877

Summary of Ship Activity During
August Episode
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Engine Characteristics

♦Actual horsepower for each ship

♦Slow speed versus medium speed

♦Actual kW for each generator

♦Steam ship-specific fuel consumption   

 information

♦Propulsion type emission factors
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Emission Factors
l Energy Output Based (grams per

Kilowatt-hour)

l Main engines, Generators  and
Auxiliary Boilers

l Slow versus Medium Speed
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SCOS Domain
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Marine Vessel Emissions for
August 3-7, 1997 Episode

PPoolllluuttaanntt MMaaiinn  EEnnggiinneess GGeenneerraattoorrss AAuuxxiilliiaarryy  BBooiilleerr TToottaall
((TToonnss)) ((TToonnss)) ((TToonnss)) ((TToonnss))

NNOOxx 7799..55 2277..99 88 111155..44
HHCC 22..33 11 00..55 33..88
CCOO 77..33 33..33 11..55 1122..11
PPMM 66..77 22..99 11..66 1111..22
SSOOxx 6655..22 2244..55 6611..55 115511..22
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NOx Emissions by Mode for
August 3-7, 1997 Episode

MMaaiinn  EEnnggiinneess AAuuxxiilliiaarryy  BBooiilleerrss

EEnnttrryy
CCrruuiissee

EExxiitt
CCrruuiissee

EEnnttrryy
PPZZCC   

EExxiitt
PPZZCC   

EEnnttrryy
MMaannvvgg

EExxiitt
MMaannvvgg

EEnnttrryy
AAllll

CCrruuiissee   

EExxiitt
AAllll

CCrruuiissee

MMaannvvgg  ++
HHootteelllliinngg

NNOOxx

3311..55 3388 33..11 22..66 22..33 22..00 00..22 00..22 77..55

GGeenneerraattoorrss TToottaall  NNOOxx
((ttoonnss))

EEnnttrryy
CCrruuiissee

EExxiitt
CCrruuiissee

EEnnttrryy
PPZZCC   

EExxiitt
PPZZCC   

EEnnttrryy
MMaannvvgg

EExxiitt
MMaannvvgg

HHootteelllliinngg

11..77 11..99 00..44 00..44 00..77 00..66 2222..11 111155..44
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Daily Variation in Marine
Vessel Emissions-SCW

AAuugg..  33 AAuugg..  44 AAuugg..  55 AAuugg..  66 AAuugg..  77 TToottaall
AAvveerraaggee

TTPPDD

NN OOxx 2266..11 3300..22 1155..11 1188..77 2244..66 111155..22 2233..00

HH CC 00..99 11..00 00..55 00..66 00..99 33..88 00..88

CC OO 22..77 33..22 11..77 22..00 22..55 1122..11 22..44

PPMM 22..55 22..77 11..55 11..99 22..55 1111..00 22..22

SSOOxx 3322..22 3300..55 1188..77 2288..00 3399..99 114499..33 3300..00
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Conclusions

l Key to the Project = Unprecedented  access
to marine vessel data + TEAMWORK

l Successful multi-agency approach leads to
the development of a quality inventory

l Most comprehensive day-specific
information collection

l Cooperative efforts needed between
agencies & businesses
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l Majority of the marine vessel emissions
occur during cruising and hotelling modes.

l Average NOx emissions during August 3-7,
1997 episode was 23 tons per day, with day-
to-day variation.

l Average NOx emissions from U.S. Navy
vessels during August 3-7, 1997 episode
was 5 tons per day, with day-to-day
variation.

Conclusions
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ARB Emissions Contact:
Mena Shah
mshah@arb.ca.gov
916-324-7165

ARB Web Site:
http://www.arb.ca.gov/

Contact and Information

END


